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In the sake of connecting the charge-density-wave (CDW) of TaSe2 and single-q CDW-type distor-
tion of TaTe2, we present an overall electronic phase diagram of 1T -TaSe2−xTex (0 ≤ x ≤ 2). In the
experimentally prepared single crystals, the CDW is completely suppressed as 0.5 < x < 1.5, while
superconductivity emerges as 0.2 < x < 1.2. Theoretically, similar to 1T -TaSe2 and 1T -TaTe2, the
hypothetic 1T -TaSeTe with ordered Se/Ta/Te stacking shows instability in the phonon dispersion,
indicating the presence of CDW in the ideally ordered sample. The contradictory between experi-
mental and theoretical results suggests that the CDW is suppressed by disorder in 1T -TaSe2−xTex.
The formation and suppression of CDW are found to be independent with Fermi surface nesting
based on the generated electron susceptibility calculations. The calculation of phonon linewidth
suggests the strong q -dependent electron-phonon coupling induced period-lattice-distortion (PLD)
should be related to our observation: The doping can largely distort the TaX6 (X = Se, Te) octahe-
dra, which are disorderly distributed. The resulted puckered Ta-Ta layers are not compatible with
the two-dimensional PLD. Therefore, CDW is suppressed in 1T -TaSe2−xTex. Our results offer an
indirect evidence that PLD, which can be influenced by strong disorder, is the origin of CDW in
the system.
PACS numbers: 71.45.Lr, 71.20.-b, 63.20.dk
I. INTRODUCTION
The origin of charge-density-wave (CDW) is a rather
old but still long-standing issue in condensed matter
physics.1–3 Since the discovery of CDW in transition-
metal dichalcogenides (TMDs), the layered structures
and various CDWs make the TMDs a model class of
materials to investigate the mechanism of CDW.4 More-
over, many typical TMDs show the coexistence and com-
petition between superconductivity and CDW.5–13 The
superconducting phase diagrams highly similar to those
of unconventional superconductors have been found.6–8
Many experimental and theoretical works were per-
formed to investigate the CDW in TMDs in the sake
of figuring out the mechanism of CDW and the interplay
between CDW and superconductivity.14–18 However, the
origin of CDW is still under debate.
The CDW and accompanied period-lattice-distortion
(PLD) are usually explained by Peierls picture.1–3,16
In this picture, Fermi surface nesting, a pure elec-
tronic effect, drives the charge redistribution regardless
of whether or not PLD subsequently happens. There is
an opposite mechanism that the charge redistribution is
driven by strong q -dependent electron-phonon coupling
induced PLD, while Fermi surface nesting only plays a
minor role.19 Johannes et al.16 concluded that if a ma-
terial with CDW originates from Fermi surface nesting,
the generated electron susceptibility (χ) must show peaks
of its real part (χ′) and imaginary part (χ′′) at the
CDW vector (qCDW), and all phonons must soften at
the same vector (although in theory it is unavoidable,20
such softening for multiple modes has never been actu-
ally observed in real materials. For example, ZrTe3
21 and
KCP22 have strong nesting at the CDW ordering wave
vectors but only one mode softens). According to this
conclusion, it seems to be clear that the Fermi surface
nesting is ruled out in the origin of CDW in 2H -TMDs:
The density-functional-theory (DFT) calculations show
that there are no peaks of χ′′ found at qCDW for 2H -
NbSe2 and 2H -TaSe2, while χ′ shows weak peaks at
qCDW.
16,23,24 The PLD mechanism in 2H -TMDs is re-
cently supported by more and more theoretical and ex-
perimental studies.14,15,25
However, in 1T -TMDs, the situation seems to be com-
plex. Both 1T -TaS2 and 1T -TaSe2 show 13.9
◦ rotated√
13×√13 commensurate-CDW (CCDW).4 The early re-
ports show the calculated Fermi surface nesting vectors
are well corresponding to qCCDW =
3
13
a∗ + 1
13
b
∗,4,26–28
while the recent DFT calculations do not reflect the nest-
ing vector at qCCDW.
17,18,29 Strong electron-phonon cou-
pling strengths at qCDW are obtained from the density-
functional-perturbation-theory (DFPT)calculations for
1T -TaS2 and 1T -TaSe2 under pressure,
17,18,30 which
supports the PLDmechanism. On the other hand, NbTe2
and TaTe2 are typical TMDs with monoclinic distorted-
1T structure, for which the distortion could be consid-
ered as single-q CDW-type distortion with a vector of
q = 1
3
a∗.4,31,32 Battaglia et al. suggested that the Fermi
surface nesting plays a key role in the formation of such
single-q CDW.31 A convincing origin of CDW in 1T -
TMDs could not be obtained from the above confusing
and contradictory results so far. More experimental evi-
2dences and theoretical investigations are needed to figure
out the puzzle.
Previously, we reported the electronic phase diagrams
for 1T -TaS2−xSex (0 ≤ x ≤ 2) and 4Hb-TaS2−xSex
(0 ≤ x ≤ 1.5), in which the isovalent substitution does
not completely suppress CDW of the end members.11,13
If similar characteristic still exists in 1T -TaSe2−xTex
(0 ≤ x ≤ 2), a potential gradual variation from qCDW
of 1T -TaSe2 to that of 1T -TaTe2 might be observed.
Therefore, in the present work, we prepared a series
of 1T -TaSe2−xTex (0 ≤ x ≤ 2) single crystals via the
chemical-vapor-transport (CVT) method and obtained
an overall electronic phase diagram through the trans-
port measurements. Surprisingly, the CDW disappears
in 1T -TaSe2−xTex as 0.5 < x < 1.5, which is be-
yond our expectation and destroys the connection of 1T -
TaSe2 and 1T -TaTe2. Superconductivity emerges when
0.2 < x < 1.2. According to phonon calculations, the
hypothetic ordered 1T -TaSeTe shows phonon instabil-
ity similar to 1T -TaSe2 and 1T -TaTe2, indicating the
CDW should exist if the doped sample is ideally or-
dered. It means that the disorder in experimentally
prepared samples suppresses CDW. The formation and
suppression of CDW are found to be independent with
Fermi surface nesting based on the generated electron
susceptibility calculations. The calculation of phonon
linewidth suggests the CDW instability is strongly cou-
pled with the q -dependent electron-phonon coupling in-
duced period-lattice-distortion (PLD). Through analysis
of the optimized structures of 1T -TaSe2, 1T -TaTe2, and
1T -TaSeTe with ordered Se/Ta/Te stacking structure,
we found that the doping can largely distort the TaX6
(X = Se, Te) octahedra. The disordered distribution of
such distorted octahedra will pucker Ta-Ta layers, which
is not compatible with the two-dimensional PLD. That
might be the reason why the CDW is suppressed in 1T -
TaSe2−xTex. The interplay beween CDW and supercon-
ductivity is also discussed. Our results offer an indirect
evidence that the CDW originates from PLD, which can
be influenced by strong disorder.
II. EXPERIMENT AND CALCULATION
DETAILS
The single crystals were grown via the CVT method
with iodine as a transport agent. The high-purity ele-
ments Ta, Se, and Te were mixed in chemical stoichiom-
etry, and heated at 900◦C for 4 days in an evacuated
quartz tube. The harvested TaSe2−xTex powders and io-
dine (density: 5 mg/cm3) were then sealed in an another
quartz tube and heated for two weeks in a two-zone fur-
nace, where the temperature of source and growth zones
were fixed at 950◦C and 850◦C, respectively. The tubes
were rapidly quenched in cold water to ensure retaining
of the 1T phase. The X-ray diffraction (XRD) patterns
were obtained on a Philips X′pert PRO diffractometer
with Cu Kα radiation (λ = 1.5418 A˚). Structural refine-
ments were performed by using Rietveld method with
the X′pert HighScore Plus software. The average sto-
ichiometry was determined by examination of multiple
points using X-ray energy dispersive spectroscopy (EDS)
with a scanning electron microscopy (SEM). The EDS
results indicate that the actual concentration x is close
to the nominal one. The resistivity (ρ) measurements
down to 2.0 K were carried out by the standard four-
probe method in a Quantum Design Physical Property
Measurement System (PPMS).
The DFT calculations were carried out using
QUANTUM ESPRESSO package with ultrasoft
pseudopotentials.33 The exchange-correlation interac-
tion was treated with the local-density-approximation
(LDA) according to Perdew and Zunger.34 The energy
cutoff for the plane-wave basis set was 35 Ry. Brillouin
zone sampling is performed on the Monkhorst-Pack
(MP) mesh of 16 × 16 × 8.35 The Vanderbilt-Marzari
Fermi smearing method with a smearing parameter of
σ = 0.02 Ry was used for the calculations of the total
energy and electron charge density. Phonon dispersions
were calculated using DFPT with an 8 × 8 × 4 mesh of
q -points. In order to investigate the electron-phonon
coupling around the qCDW, denser 64 × 64 × 8 and
32× 32× 4 mesh of k -points, 16× 16× 1 q -points were
used.
III. RESULTS AND DISCUSSION
The single crystal XRD patterns of 1T -TaSe2−xTex (x
= 0, 1, and 2) are shown in Fig. 1(a), in which only (00l)
reflections were observed, suggesting the c-axis is perpen-
dicular to the surface of single crystal. With increasing
x, the diffraction peaks distinctly shift to lower angles,
reflecting the crystal expansion induced by Te doping.
To further confirm the structure, several single crystals
were crushed and used in the powder XRD experiment.
Figures 1(b)-(d) show the powder XRD patterns and the
structural refinement results of Rietveld analysis for the
selected samples with x = 0, 1, and 2. Figure 1(e) shows
the enlargement of the (011) peak for x = 1, 1.5, and 2.
It shows that the ideal CdI2-type 1T structure for x = 1
leads to a single (011) peak while there are double peaks
in the monoclinic distorted-1T structure for x = 2. One
should notice that the (011) peak starts to split when x =
1.5, indicating the emergence of distorted-1T structure,
as shown in Fig. 1(e). The evolution of lattice parame-
ters (a, c) and unit cell volume (V ) of 1T -TaSe2−xTex
are depicted in Fig. 1(f). Indeed, the values of a, c, and
V monotonously increase with x, in accordance with the
larger ion radius of Te than that of Se.
Figure 2 shows the temperature dependences of in-
plane resistivity ratio (ρ/ρ250K) of 1T -TaSe2−xTex single
crystals. The room temperature resistivity is about 1.4
mΩ cm for x = 0. The values of resistivity for the Te-
doped samples keep at this order of magnitude. In addi-
tion, the residual resistivity ratio (RRR = ρ300K/ρ3K) is
3 
 
 
 
(b) x = 0 P-3m1
P-3m1
x = 2
x = 1
 
 In
te
ns
ity
 (a
.u
.)
(c)
30 40 50 60 70
C2/m
  
 2  (deg.)
(d)
10 20 30 40 50 60 70 80 90
(0
05
)
x = 0
x = 1
(0
04
)
(0
03
)
(0
02
)
 
In
te
ns
ity
 (a
.u
.)
2  (deg.)
x = 2
(0
01
) (a)
30 31 32 33 34
x = 2 
x = 1.5  
 
 
2  (deg.)
(e) x = 1 
0.0 0.4 0.8 1.2
3.45
3.50
3.55
3.60
3.65
6.2
6.4
6.6
 a = b
 c
 
La
tti
ce
 p
ar
am
et
er
s (
Å
)
Te content (x)
60
65
70
75
80
V
 (Å
3 )
 V
(f)
FIG. 1. (Color online) (a) Single-crystal XRD patterns of
1T -TaSe2−xTex for x = 0, 1, and 2. (b)-(d) Powder XRD
patterns with Rietveld refinements of 1T -TaSe2−xTex for x
= 0, 1, and 2, respectively. (e) The enlargement of the (011)
peaks of the powder XRD patterns of 1T -TaSe2−xTex for x
= 1, 1.5, and 2. (f) Evolution of lattice parameters (a, c) and
cell volume (V ) of 1T -TaSe2−xTex.
calculated as 17.4 for x = 0. For the Te-doped samples,
it sharply decreases to 2.66 for x = 0.2, and reaches the
minimum 0.48 for x = 0.6, and then slightly increases to
1.13 for x = 1.5 (the value of RRR is 0.85 for x = 1). The
small values of RRR may be as a reflection of the sub-
stantial disorder present in Te-doped samples, which will
be further discussed in the calculation part. As shown in
the inset of Fig. 2(a), the signature of superconductivity
emerges as x ≥ 0.2, and finally disappears for x ≥ 1.2
within our measurement limitation T ≥ 2 K. The max-
imum of superconducting onset temperature (T onsetc ) is
2.5 K for x = 0.6. To further confirm the superconduc-
tivity, we also measured the magnetic properties of the
superconducting samples at H = 10 Oe with the mag-
netic field paralleling to the c-axis. As an example, Fig. 3
shows the result of the optimal sample 1T -TaSe1.4Te0.6.
Undoubtedly, the diamagnetism signal at low tempera-
tures demonstrates the occurrence of superconductivity,
of which the transition temperature (T c) defined by the
onset point of zero-field-cooling (ZFC) and field-cooling
(FC) curves is 2.45 K for x = 0.6. The inset of Fig. 3
shows the magnetization hysteresis loop M (H ) obtained
at T = 1.9 K, which shows it is a typical type-II super-
conductor.
Figure 2(b) shows the high temperature part of
ρ/ρ250K. As shown in the inset of Fig. 2(b), 1T -TaSe2
exhibits a CDW transition at TCDW ∼ 503 K, which is
defined by the minimum of dρ/dT , with the formation
of
√
13 × √13 superstructure. The resistivity shows an
upturn upon cooling due to the presence of gapping in
the Fermi surface. With increasing Te content, the CDW
transition gradually shifts to lower temperatures. It can
be found that the CDW unexpectedly disappears when
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FIG. 2. (Color online) Temperature dependence of in-plane
resistivity ratio (ρ/ρ250K) of 1T -TaSe2−xTex below T = 250
K (a) and above T = 250 K (b). The insets are the enlarge-
ment of superconducting transitions at low temperatures and
the CCDW transition of 1T -TaSe2 at high temperatures.
x > 0.5.
Figure 4 summarizes the overall electronic phase dia-
gram as a function of temperature and doping level in
1T -TaSe2−xTex. The x dependence of T
onset
c follows a
dome-like shape. The superconductivity induced by iso-
valent doping is similar to that in 1T -TaS2−xSex.
11 How-
ever, the CDW is gradually suppressed by Te doping and
disappears as x > 0.5, which is quite different from the
situation in 1T -TaS2−xSex.
11 With heavier Te content
x > 1.5, the crystal structure gradually distorts to mon-
oclinic distorted-1T structure, which could also be con-
sidered as a single-q CDW-type distortion.4,32
To investigate the suppression of CDW in 1T -
TaSe2−xTex system, we calculated the two end mem-
bers of 1T -TaSe2 and 1T -TaTe2, and the simplest hy-
pothetical sample 1T -TaSeTe with an ordered stacking
of Se/Ta/Te, which is represented as 1T -TaSeTe(O). The
fully optimized structural parameters, as listed in Table I,
are close to those from the previous LDA calculation.18
The underestimation of lattice parameters is expectable
for LDA.18
The phonon calculation is an effective method to sim-
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FIG. 3. (Color online) Temperature dependence of magnetic
susceptibility (4piχ) for x = 0.6. Inset: the magnetization
hysteresis loop obtained at T = 1.9 K with magnetic field H
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FIG. 4. (Color online) Electronic phase diagram of 1T -
TaSe2−xTex as a function of temperature and Te content.
ulate the CDW instability: The calculated phonon in-
stabilities of 2H -NbSe2,
23 2H -TaSe2,
25 1T -NbTe2,
31 and
1T -TaX2 (X = S, Se, Te),
17,18,31 just locate at the CDW
vectors of these TMDs. Moreover, Liu et al. show the
calculated phonon instability of 1T -TaS2 is suppressed
by pressure while the disappearance of CDW for pres-
surized 1T -TaS2 is experimentally confirmed,
5,17 conclu-
sively proving that the calculated phonon instability can
correctly reflect the CDW instability. Therefore, our
theoretical investigation of 1T -TaSe2−xTex started with
TABLE I. Structural parameters fully optimized by LDA for
1T -TaSe2, 1T -TaSeTe(O),and 1T -TaTe2.
a(A˚) c(A˚) zX
TaSe2 3.406 6.086 zSe = ±0.271
TaSeTe(O) 3.507 6.337 zSe = 0.249,zTe = −0.296
TaTe2 3.622 6.572 zTe = ±0.274
the phonon calculation. Figure 5(a) shows the phonon
dispersions of 1T -TaSe2, 1T -TaSeTe(O), and 1T -TaTe2.
For 1T -TaSe2, the phonon dispersions are in good agree-
ment with the previous calculation by Ge et al..18 As
shown in Fig. 5(b), one can notice that the calculated
instability is just around the reported CCDW vector
(qCCDW =
3
13
a∗+ 1
13
b
∗).26 For 1T -TaTe2, the area of in-
stability is centered near q ≈ 1
3
a∗, which is corresponding
to the reported (3×1) single-q CDW-type superlattice.31
The high coincidence of the calculated and experimen-
tally reported instabilities strongly proves the reliabil-
ity and accuracy of the phonon calculation in the CDW
systems. Moreover, different from 1T -TaSe2, 1T -TaTe2
shows much larger area of instability, which expands to
the ΓK line. That might be the reason why 1T -TaSe2
only shows small atomic displacement in CDW phase,
which can be suppressed by high temperature, while the
single-q CDW-type distortion in TaTe2 is very stable and
the ideal 1T structure has never been observed.
Surprisingly, for 1T -TaSeTe(O), a phonon instability
can be found as well, as shown in Figs. 5(a) and (c). The
area of instability is very similar to that of 1T -TaTe2,
implying that if 1T -TaSeTe with such ordered structure
exists, CDW (single-q type) should be observed as in the
case of 1T -TaTe2. However, according to the experimen-
tally obtained phase diagram of Fig. 4, one should notice
that the CDW or CDW-type distortion only exists in
the Se-rich or Te-rich areas (the concentration ≥ 75%),
in which the disorder is not prominent. In the middle
area, stronger disorder can be expected, which might be
responsible for the disappearance of CDW.
In order to figure out how the disorder influences the
CDW, we further performed some indirect calculations
to investigate whether the disorder affects the Fermi sur-
face nesting or PLD. Figure 6 shows the band structures
and Fermi surfaces of 1T -TaSe2, 1T -TaSeTe(O), and 1T -
TaTe2. For 1T -TaSe2, the early calculations show there
is only one band crossing Fermi energy (EF), which does
not cross EF in the vicinity of Γ point.
27,37 Moreover,
there is a gap (about 0.1 ∼ 0.2 eV) below the band cross-
ing EF.
27,37 However, the recent angle-resolved photoe-
mission (ARPES) experiment clearly shows a hybridiza-
tion of bands at Γ close to EF, where small hole-type
pockets are observed.38 Obviously, our LDA calculations
accurately simulated the band structure of 1T -TaSe2
(Fig. 6(a)). Three bands cross EF: The lower two bands
(colored in blue and orange in Fig. 6(a)) form small cylin-
drical hole-type pockets close to Γ (Figs. 6(b) and (c));
The Fermi surface introduced from the higher band cross-
ing EF (colored in red in Fig. 6(a)) is shown in Fig. 6(d).
For 1T -TaSeTe(O) and 1T -TaTe2, one can notice that
the band structures and Fermi surfaces (Figs. 6(e)-(l))
are highly similar to those of 1T -TaSe2.
The Fermi surface nesting can be reflected in gener-
ated electron susceptibility. The real part of the electron
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FIG. 5. (Color online) (a) Phonon dispersions of 1T -TaSe2, 1T -TaSeTe(O), and 1T -TaTe2. (b), (c), and (d) show the calculated
16 × 16 × 1 q -points in the q
z
= 0 plane for 1T -TaSe2, 1T -TaSeTe(O), and 1T -TaTe2, respectively. The pink solid circles in
(b)-(d) denote the q -points in which the frequency of the lowest mode is imaginary. The red dashed circle and ellipses denote the
areas of phonon instability. The red solid circles and the black arrows in (b) and (d) denote the reported q
CCDW
= 3
13
a∗+ 1
13
b∗
and q ≈ 1
3
a∗ for 1T -TaSe2 and 1T -TaTe2, respectively. The high-symmetry points are shown in (b).
FIG. 6. (Color online) Top panel: Band structure (a) and Fermi surfaces (b), (c), and (d) of 1T -TaSe2. Middle panel: Band
structure (e) and Fermi surfaces (f), (g), and (h) of a hypothetic ordered 1T -TaSeTe. Bottom panel: Band structure (i) and
Fermi surfaces (j), (k), and (l) of a hypothetic 1T -TaTe2. The bands crossing the EF are colored in red, blue, and orange,
respectively.
susceptibility is defined as
χ′(q) =
∑
k
f(ek)− f(ek+q)
ek − ek+q , (1)
where f(ek ) is Fermi-Dirac function. The imaginary part
is16
χ′′(q) =
∑
k
δ(ek − eF)δ(ek+q − eF). (2)
We used a mesh of approximately 40,000 k points in the
full reciprocal unit cell to calculate the energy eigenvalues
derived for the electron susceptibilities. Figures 7(a)-(f)
show the cross sections of χ′ and χ′′ with qz = 0 for 1T -
TaSe2, 1T -TaSeTe(O), and 1T -TaTe2. We found that all
the maxima of χ′ and χ′′ of 1T -TaSe2, 1T -TaSeTe(O),
and 1T -TaTe2 locate between Γ and M points. And the
maxima shift towards M point with increasing Te content
(Figures 7(g) and (h)). For 1T -TaSe2, both the maxima
of χ′ and χ′′ locate at q ≈ 0.3a∗. Earlier calculation by
Myron et al. shows a peak of χ′ at q ≈ 0.28a∗,28 while
recent calculation by Yu et al. reports a maximum of χ′
at q ≈ 0.295a∗.29 Clearly, the maxima of χ′ and χ′′ locate
far away from qCCDW =
3
13
a∗+ 1
13
b
∗. Although Myron et
6FIG. 7. (Color online) Upper left panel: The cross section of real part of the generated electron susceptibility with q
z
=
0 for 1T -TaSe2 (a), 1T -TaSeTe(O) (b), and 1T -TaTe2 (c). Bottom left panel: The cross section of imaginary part of the
generated electron susceptibility with q
z
= 0 for 1T -TaSe2, 1T -TaSeTe(O) (f), and 1T -TaTe2 (g). Right panel shows the real
and imaginary parts of the generated electron susceptibilities along the reciprocal unit cell boundary. In these contour maps of
(a)-(f), the highest and lowest values are denoted as color in red and blue, respectively. The dashed line in right panel denotes
the location of the peak of the real and imaginary part of the generated electron susceptibility for 1T -TaSe2 at q = 0.3a
∗. The
high-symmetry points are denoted in (a).
FIG. 8. (Color online) The contour map of the phonon
linewidth γ of the lowest phonon modes in the q
z
= 0 plane
for 1T -TaSe2 (a), 1T -TaSeTe(O) (b), and 1T -TaTe2 (c).
al. suggested that the peak of χ′ at q = 0.25a∗ ∼ 0.30a∗
can lead to CDW of 1T -TaSe2,
28 we still consider that it
is farfetched to connect the nesting vector with a CDW
vector of qCCDW =
3
13
a∗ + 1
13
b
∗.
On the other hand, we investigated whether the PLD
is coupled with CDW. We have calculated the electron-
phonon coupling in the qz = 0 plane for 1T -TaSe2, 1T -
TaSeTe(O), and 1T -TaTe2. Figure 8 shows the calcu-
lated phonon linewidth γ of the lowest phonon modes in
the qz = 0 plane. The phonon linewidth γ is defined by
γqν = 2πωqν
∑
ij
∫
d3k
ΩBZ
|gqν(k , i, j)|2
×δ(eq ,i − eF )δ(ek+q ,j − eF ), (3)
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FIG. 9. (Color online) Phonon dispersions of 1T -TaSeTe(O)
and 1T -TaSSe(O).
in which the electron-phonon coefficients gqν(k , i, j) are
defined as,
gqν(k , i, j) = (
~
2Mωqν
)1/2〈ψi,k |dVSCF
duˆqν
· ǫˆqν |ψj,k+q 〉. (4)
According to this definition, γ, which reflects the
electron-phonon coupling contribution, is a quantity that
does not depend on real or imaginary nature of the
phonon frequency.39 Although the calculation with 16×
16×1 q -points is not enough to deduce the accurate vec-
tor with maximum γ, it can still qualitatively reflect the
7role of electron-phonon coupling. In the instability area,
the γ of the lowest mode is hundreds times larger than
those of higher modes, proving the connection between
electron-phonon coupling and CDW. For 1T -TaSe2, the
biggest γ (∼23.11 GHz) is found near the place where
χ′′ shows the maximum, which is understandable since
Fermi surface nesting can enhance γ according to Eqs.( 3)
and ( 4). The second largest γ (∼22.18 GHz) is found
in the place very near the reported qCDW =
3
13
a∗+ 1
13
b
∗.
Therefore, if we neglect the enhancement of nesting, one
can find the area of q -points with large γ is centered at
the reported qCDW. For 1T -TaTe2 and 1T -TaSeTe(O),
the large γ area is largely broadened and expands to ΓK,
which is coincide with the phonon instability area shown
in Fig. 5. Meanwhile, χ′ and χ′′ show small values in
the place between Γ and K points. Therefore, we can
conclude that the q -dependent electron-phonon coupling
induced PLD, instead of Fermi surface nesting, is respon-
sible for CDW in 1T -TaSe2−xTex system.
Moreover, if we consider the PLD is the origin of CDW,
the disappearance of CDW in the phase diagram is un-
derstandable. From Table I, one can notice that the opti-
mized z -coordinates of X atoms in pristine 1T -TaX2 (X
= Se, Te) is about ±0.27. However, for 1T -TaSeTe(O),
the z -coordinates of X atoms change to zSe = 0.249 and
zTe = −0.296, which means the TaX6 octahedra are
largely distorted. When the Se and Te atoms are ran-
domly mixed, disordered distortions of TaX6 octahedra
can be expected in the crystal, leading to the puckered
Ta-Ta layers. Obviously it is not compatible with two-
dimensional PLD. That might be the reason why disorder
completely suppresses CDW in 1T -TaSe2−xTex system.
To understand the difference between 1T -TaSe2−xTex
and 1T -TaS2−xSex, a similar hypothetic 1T -TaSSe(O)
was also designed and calculated. Figure 9 compares
the phonon dispersion of 1T -TaSeTe(O) and that of 1T -
TaSSe(O). The instability of 1T -TaSSe(O) is only found
between Γ and M points. One can expect that a small
area of instability should exist in 1T -TaSSe(O), just like
that in 1T -TaSe2 (Fig. 5(b)). Such similarity might indi-
cate that the ordered structure of TaSSe can potentially
be prepared in 1T structure. On the other hand, the
instability of 1T -TaSeTe(O) is broadened and expands
to the ΓK line, just like the case in 1T -TaTe2. The
large area of instability leads to a very stable single-q
CDW-type distortion (monoclinic structure) in TaTe2,
so that the ideal 1T -structure has never been observed
in TaTe2. Similarly, if TaSeTe has the ordered struc-
ture, it would show monoclinic structure as well. How-
ever, our experimentally prepared TaSeTe clearly shows
1T structure. According to such analysis, one can con-
clude the ordered structure of 1T -TaSSe(O) should be
more stable than that of 1T -TaSeTe(O). In other words,
the disorder in 1T -TaSeTe is much stronger than that
in 1T -TaSSe. It could explain that in 1T -TaS2−xSex
(0 ≤ x ≤ 2) CDW exists with all x, while in 1T -
TaSe2−xTex (0 ≤ x ≤ 2) the CDW or CDW-type dis-
tortion is suppressed as 0.5 < x < 1.5. Very recently, the
ordered structure of 1T -TaSSe(O)40 and the disorder in
1T -TaSeTe36 have been experimentally suggested, which
support our deduction.
The PLD mechanism might help to understand the
appearance of superconductivity in this system. The
electron-phonon coupling strength for each mode (λqν)
is defined as,
λqν =
γqν
π~N(eF )ω2qν
. (5)
An imaginary frequency ω of the phonon mode indicates
the phase instability (in our case it indicates the CDW
distortion). When the CDW is suppressed, the stabiliz-
ing of 1T structure will make the imaginary frequency
ω around qCDW become a small real value, just like
the cases of 1T -TaS2 and 1T -TaSe2 under pressure.
17,18
The large γ and small real ω in Eq.( 5) can lead to a
large electron-phonon coupling constant, which might be
the reason why superconductivity emerges when CDW is
suppressed. Further measurements are needed to verify
the above arguments.
IV. CONCLUSION
In order to connect the CDW of 1T -TaSe2 and the
CDW-type distortion of 1T -TaTe2, we prepared a series
of 1T -TaSe2−xTex (0 ≤ x ≤ 2) single crystals and sum-
marized an overall electronic phase diagram through the
transport measurements, in which a dome-like supercon-
ducting region is observed. The CDW disappears in 1T -
TaSe2−xTex as 0.5 < x < 1.5, which is unexpected since
the similar isovalent doping in 1T -TaS2−xSex does not
seem to completely suppress CDW.
In order to understand the experimental results, we
performed DFT calculations on 1T -TaSe2, 1T -TaTe2,
and the hypothetic ordered 1T -TaSeTe. 1T -TaSe2 and
1T -TaTe2 show similar phonon dispersions and instabil-
ities, indicating the distortions of the two end members
originate from the same mechanism. Similar instability
is also found in the hypothetic ordered 1T -TaSeTe while
CDW disappears in experimentally prepared 1T -TaSeTe,
implying CDW in real 1T -TaSe2−xTex is suppressed by
disorder. Based on the generated electron susceptibil-
ity calculations, the formation and suppression of CDW
in 1T -TaSe2−xTex are found to be independent of Fermi
surface nesting. Through analysis of the optimized struc-
tures of 1T -TaSe2, 1T -TaTe2, and 1T -TaSeTe(O), we
found that the Te doping can largely distort the TaX6
(X = Se, Te) octahedra. The disordered distribution of
those distorted octahedra will pucker Ta-Ta layers, which
is not compatible with the two-dimensional PLD. That
might be why CDW is suppressed in 1T -TaSe2−xTex sys-
tem. The interplay of CDW and superconductivity is also
discussed. Our results offer an indirect evidence that the
PLD, which can be influenced by strong disorder, is the
origin of CDW in the system.
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